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Abstract 
®
CrossMark 
A time-resolved tunable diode-laser (DL) induced fluorescence (TR-TDLIF) technique has 
been used to identify different populations of atoms ( on different stages of transport) to 
determine their corresponding deposited energy and flux. The temporal dimension permits 
the splitting of the processes of sputtering during the discharge and particles transport in 
the post-discharge where atoms and flux velocity distribution fonctions (AVDF, FVDF) of 
each population were measured varying the discharge parameters (power, voltage, pressure, 
and distance from target). Tungsten (W) was chosen, being an interesting case in terms of 
sputtered atom transport, considering its weight which implies weak changes of directivity or 
energy transfer after collisions with the buffer gas. The high temporal and spectral resolutions 
of TR-TDLIF are the keys for the distinction of the atoms populations and the stage 
corresponding to the transition from the ballistic to diffusive regime of transport was observed 
for the first time and named quasi-diffusive regime. Thus, the ability to dissociate populations 
of atoms and to determine their deposited flux and energy may be of great interest to adjust 
film properties as desired for applications. 
Keywords: time resolved tunable diode laser induced fluorescence, transport, tungsten, 
magnetron sputtering, high power impulse magnetron sputtering (HiPIMS), atoms velocity 
distribution fonction of sputtered atoms 
(Sorne figures may appear in colour only in the online journal) 
1. Introduction
Magnetron sputter deposition is an established and widely 
used method for the growth of thin films. Nevertheless, the 
high level of expectations regarding new applications require 
a better understanding, controlling, mastering of basic pro-
cesses goveming atoms transport in the view of process 
optimization. The spatio-temporal knowledge of the proper-
ties of incoming film-forming atomic species in HiPIMS (high 
power impulse magnetron sputtering) may be exploited to 
adjust the film physical properties as desired for applications 
[1-6] and for modelling both plasma and particle-depositing 
processes [7, 8]. 
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In HiPIMS process, the degree of ionization of the sputtered 
vapour is usually greater than 50% [9, 10]. Nevertheless, a sig-
nificant fraction of sputtered neutral atoms remains and may 
influence thin film deposition properties. Ion energy can be fixed 
by polarizing a substrate, while neutrals are difficult to control. 
Experimental measurements are then required for a better under-
standing of their transport properties in view of a potential optim-
ization in terms of number or energy when reaching a substrate. 
Diagnostics using diode laser (DL) are among the most 
powerful techniques for studying plasmas since they are not 
intrusive and allow the acquisition of accurate experimental 
results on ground or metastable state of particles. A few studies 
using such techniques have been performed on sputtered 
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